Abstract Research suggests that a feature-matching process underlies cue familiarity-detection when cued recall with graphemic cues fails. When a test cue (e.g., potchbork) overlaps in graphemic features with multiple unrecalled studied items (e.g., patchwork, pitchfork, pocketbook, pullcork), higher cue familiarity ratings are given during recall failure of all of the targets than when the cue overlaps in graphemic features with only one studied target and that target fails to be recalled (e.g., patchwork). The present study used semantic feature production norms (McRae et al., Behavior Research Methods, Instruments, & Computers, 37, 547-559, 2005) to examine whether the same holds true when the cues are semantic in nature (e.g., jaguar is used to cue cheetah). Indeed, test cues (e.g., cedar) that overlapped in semantic features (e.g., a_tree, has_bark, etc.) with four unretrieved studied items (e.g., birch, oak, pine, willow) received higher cue familiarity ratings during recall failure than test cues that overlapped in semantic features with only two (also unretrieved) studied items (e.g., birch, oak), which in turn received higher familiarity ratings during recall failure than cues that did not overlap in semantic features with any studied items. These findings suggest that the featurematching theory of recognition during recall failure can accommodate recognition of semantic cues during recall failure, providing a potential mechanism for conceptually-based forms of cue recognition during target retrieval failure. They also provide converging evidence for the existence of the semantic features envisaged in feature-based models of semantic knowledge representation and for those more concretely specified by the production norms of McRae et al. (Behavior Research Methods, Instruments, & Computers, 37, 547-559, 2005).
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What leads something to seem familiar despite a failure to recall any specific prior experience with it? Ryals and Cleary (2012) suggest that at least one basis for this experience may be a feature-matching process, whereby features (i.e., attributes) of the current situation are compared with those of representations stored in memory to produce a sense of familiarity that varies according to the degree of match. Ryals and Cleary (2012) used the example of recognizing the street sign for "Marston" as familiar because of its high degree of featurematch to a recently-seen street sign, "Morton." Despite failing to trigger recall of having recently passed a street sign for "Morton," the new sign "Marston" may still seem familiar because of its high degree of feature-overlap with the recently-encountered sign "Morton." The letter and sound features shared between the cue "Marston" and the memory for "Morton" may participate in the aforementioned featurematching process such that a detectable familiarity signal emerges upon encountering Marston -a familiarity signal that exceeds some internal criterion for discriminating signals from noise (as in classic signal detection theory) -despite recall failure of the prior experience with the street name "Morton." Though not specifically concerned with instances of retrieval failure, there are many recognition memory models that incorporate this feature-matching idea into their mechanisms for test item familiarity-detection (e.g., see Clark & Gronlund, 1996 , for a review of global matching models, or Hintzman, 1988 , for a specific case). Ryals and Cleary (2012) found support for featurematching as a basis for familiarity-detection that occurs during retrieval failure. As a laboratory analog to the "Marston/Morton" example above, Ryals and Cleary (2012) used a variant of the recognition without cued recall (RWCR) paradigm developed by Cleary (2004) . Participants viewed words like distraction and forehead at study and were later presented with non-word test cues that potentially resembled studied words graphemically (e.g., disfraption as a cue for the word distraction, or foneheed for the word forehead). Half of the test cues resembled studied words and half did not. Participants were asked to try to use each cue to recall a studied word that resembled it and also to rate the familiarity of the cue itself in relation to the likelihood that a graphemically similar word had appeared at study, regardless of whether or not that target word could be recalled. As had been shown by Cleary (2004) , a RWCR effect was found: Among cues for which cued recall did not succeed, familiarity ratings were significantly higher when the cue resembled a studied word than when it did not. Ryals and Cleary (2012) reasoned that if global featurematching (e.g., Hintzman, 1988 ) is the process responsible for RWCR, then the degree of overlap between the features in the cue and those in memory should matter to the effect. They examined this in two ways. First, they reasoned that unless features from study are actually reinstated in the test cue itself, those features should not affect the magnitude of the RWCR effect, even if they are features known to benefit recall itself. This is because in order to increase the familiarity signal that emerges from the feature-matching process, the features must be present in both the cue and in memory. Ryals and Cleary found support for this by examining study word concreteness in one experiment, and study word emotionality in another. Because these features of concreteness and emotionality were not carried within the non-word test cues themselves (e.g., the fact that forehead is a concrete word is not itself carried in the non-word cue foneheed), these features should not impact RWCR, even though they impact recall itself. Indeed, although concrete words led to a greater likelihood of cued recall than abstract words, when recall failed, concrete words did not lead to a greater RWCR effect. A similar finding was obtained with study word emotionality: Though emotional words were better later recalled in response to the non-word cues than neutral words, the familiarity ratings to the non-word cues that graphemically resembled unrecalled studied words were unaffected by study word emotionality. In short, as is consistent with the feature-matching hypothesis, the magnitude of the RWCR effect for graphemic cues was unaffected by study word concreteness or emotionality.
Second, Ryals and Cleary (2012) reasoned that increasing the overlap between studied features and features in the test cue itself should increase the RWCR effect, since the degree of feature-match between the cue and the memory representations should matter to any global feature-matching process. To examine this, they carried out an experiment in which the nonword test cues (e.g., potchbork) graphemically resembled either four studied words (e.g., pitchfork, patchwork, pocketbook, pullcork), one studied word (e.g., pitchfork) or zero studied words. In support of the feature-matching hypothesis, graphemic cues that resembled four studied words (but for which none of those studied words was recalled in response to the cue) received higher familiarity ratings than graphemic cues for which recall failed but that resembled only one studied word (which in turn received higher ratings than graphemic cues that did not resemble any studied words). In short, Ryals and Cleary (2012) found support for a featurematching account of RWCR when the cue resemblance to studied items is graphemic in nature.
The present study is concerned with whether the featurematching approach can plausibly account for RWCR that is found when cue resemblance to studied items is semantic in nature. Cleary (2004) demonstrated that when participants studied words (e.g., cheetah) and were tested with semantically related cues (e.g., jaguar), participants gave higher ratings to those cues that semantically resembled studied words than to those that did not. If this type of semantic RWCR effect is also based on the type of feature-matching process described by Ryals and Cleary (2012) , what exactly are the semantic features that would drive this effect? Before addressing this question, it is important to first address why searching for evidence of semantic feature matching is a theoretically important endeavor.
There were two primary theoretical motivations for the present study. The first was that obtaining empirical support for semantic feature matching would help to provide a theoretical mechanism for a type of empirical phenomenon that currently lacks one -specifically, conceptual forms of recognition without identification. One conceptual form of recognition without identification is the ability to detect that the answer to a question was presented on a recent study list despite being unable to retrieve that answer (Cleary, 2006; Cleary, Staley, & Klein, 2014) . When presented with general knowledge questions for which the answers fail to come to mind, participants are able to discriminate questions whose answers were studied from questions whose answers were not, even though they cannot think of the answers themselves. Cleary and colleagues have speculated that the presentation of a study word (e.g., "insomnia") might create enhanced familiarity with the later test question itself (e.g., "What is the name of the inability to sleep?") even when the answer cannot be retrieved. However, it is unclear what specific mechanism could enable such increased question familiarity during the answer's retrieval failure. Does the answer to the question link with the question itself in the knowledge-base in a way that would allow earlier presentation of the answer to increase the familiarity of the question later on despite a failure to retrieve the very answer that caused the question's familiarization in the first place? Semantic feature matching provides a plausible potential mechanism for this, and the RWCR paradigm used by Ryals and Cleary (2012) provides a useful methodological approach for examining the semantic featuring matching hypothesis.
We hypothesize that semantic features are a type of feature that can participate in a global feature-matching process (such as that specified by global matching models) to produce a familiarity signal whose intensity varies according to the degree of feature match. Support for this semantic featurematching hypothesis would suggest a potential mechanism for the types of recognition during retrieval failure that are semantic or conceptual in nature, such as the ability to detect that a question's answer was studied despite failing to retrieve that answer (e.g., Cleary, 2006; Cleary et al., 2014) or that a famous scene's name was studied despite failing to retrieve it when viewing the scene (Cleary & Reyes, 2009) . By enabling a specific theoretical mechanism to be put forward for such conceptual forms of recognition during retrieval failure, empirical support for the semantic feature-matching hypothesis would represent a significant theoretical advance in understanding how memory takes place during retrieval failure.
The second theoretical motivation was to provide converging evidence on the nature of semantic features themselves. According to the logic of converging operations (e.g., Campbell, 1988) , if a given theoretical construct exists (in this case, semantic features), it should be possible to find evidence for it using multiple methodologies. The evidence should not be tied to one specific paradigm or methodological approach. From this perspective, the paradigm used by Ryals and Cleary (2012) , when applied to semantic instead of graphemic features, presents a novel methodology from which to seek converging evidence for the existence of a specific type of semantic features.
To seek converging evidence, we turned to the literature that has suggested the plausibility of feature-based semantic knowledge representations (e.g., Plaut, 1995; Griffiths, Steyvers, & Tenenbaum, 2007; Landauer & Dumais, 1997; Seidenberg, 2007; Smith, Shoben, & Rips, 1974; Yee, Overton, & Thompson-Schill, 2009 ). Although concretely identifying semantic features remains a challenge, McRae and colleagues have made great strides in doing so by creating semantic feature-production norms based on what participants have consistently listed as the features that come to mind when presented with particular words (McRae, Cree, Seidenberg, & McNorgan, 2005) . These norms were able to later explain much of the variance in functional magnetic resonance imaging (fMRI) patterns of activation during participant viewing of objects while thinking about the object's properties in an independent study (Chang, Mitchell, & Just, 2011) .
In the present study, we used the semantic featureproduction norms of McRae et al. (2005) to examine the plausibility of a feature-matching explanation for RWCR that occurs with semantic cues. The norms published by McRae et al. provide a straightforward means of manipulating the degree of semantic feature overlap between a test cue and the study items in the RWCR paradigm analogously to that in Ryals and Cleary's (2012) Experiment 3. For example, the word "cedar" has high semantic feature overlap with the word "birch," as both words contain the participant-produced features "a_tree", "grows_in_forests", "has_bark", "has_branches", "has_leaves, " and "is_tall." We used this database to create targets and cues that overlapped in semantic features.
In order to create varying degrees of feature-overlap between the test cue and the studied items, we created a semantic variant of the method used by Ryals and Cleary (2012) . Recall that in their study, the graphemic cue (e.g., potchbork) shared graphemic features with four studied words (e.g., pitchfork, patchwork, pocketbook, pullcork) only one studied word (e.g., pitchfork) or no studied words. In our semantic variant of this method, we analogously varied the number of studied items sharing semantic features (e.g., "a_tree," "has_bark") with the test cue. In the high feature-overlap condition, the test cue "cedar" would have high semantic feature overlap with four studied words (birch, oak, pine, willow), whereas in the medium feature-overlap condition, it would have high semantic feature overlap with only two studied words (birch, oak). As in all studies of RWCR, our primary interest was in cue familiarity ratings given to cues for which none of the corresponding target words were identified.
Method Participants
Ninety-seven students recruited from the Colorado State University campus participated in exchange for either course credit or payment.
Materials
Ninety-six sets of five related words were chosen for their sharing of semantic features. In each of these sets of five, one word served as the cue and the other four served as the potential study items. Eighty-seven of these sets of five were taken from McRae et al.'s (2005) semantic feature-production norms. On average, each cue shared approximately five semantic features with each of the four potential study items (M = 4.99, SD = 1.95). For example, the test cue "cedar" shares five features with the target word "oak" ("a_tree," "grows_in_forests," "has_leaves," "is_tall," and "used_for_making_furniture"). In order to increase the total number of stimulus sets while minimizing inter-set semantic feature overlap, we took an additional nine sets of five from Van Overschelde, Rawson, and Dunlosky (2004) that were chosen to be comparable upon visual inspection in semantic feature overlap to the stimuli from McRae et al. For example, the cue word "rose" from this collection corresponded to the target words "daisy," "tulip," "lily," and "carnation" and this set did not overlap with the sets taken from McRae et al. because there were no flowers from that set.
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For each participant, stimulus sets were segmented into three conditions: High feature overlap, medium-feature overlap, and no-feature overlap. In the high-feature overlap condition, all four target words for the cue appeared at study. Thus, if the cue was "cedar," all four target words "birch," "pine," "oak," and "willow" would appear at study. In the medium-feature overlap condition, only two of the target words (e.g., "birch" and "oak") appeared at study. In the no-feature overlap condition, none of the targets for that cue appeared at study. Counterbalancing was performed such that each cue appeared equally often in each condition (high-feature overlap, mediumfeature overlap, no-feature overlap) across participants through random assignment to three different versions of the experiment (one more participant was run than anticipated; we still included this participant for a total of 97 participants).
The stimulus sets were segmented into two separate studytest blocks. Each study list contained 96 study words altogether (16 sets of four feature-sharing words, and 16 sets of two feature-sharing words, all randomly dispersed throughout the study list). Each test list contained 48 cues, 16 of which corresponded to four studied targets, 16 of which corresponded to two studied targets, and 16 of which corresponded to zero studied targets. To further try to minimize unintended overlap across sets, sets that seemed potentially similar to one another were assigned to different blocks. In addition, within blocks, we tried to assign similar-seeming sets to different counterbalancing sets to distribute them across sets as much as possible.
Procedure
The computerized procedure was modeled after Ryals and Cleary (2012) and was carried out using E-prime software. After viewing the initial instructions and pressing "1" to begin, the study list words began appearing, one at a time in a random order, in the upper left-hand corner of the screen at rate of 1 s per word with no interstimulus interval. After all 96 study words were presented in this manner, the following test instructions appeared on the screen: "On the test, you will be presented with word cues. Sometimes, these word cues will resemble studied words in their meaning. For example, POPE resembles the word BISHOP. Sometimes, the cues will not resemble any studied words. Your task will be to first rate how familiar the word cue seems to you. Keep in mind that the more a cue resembles a studied word, the more likely it is to seem familiar. You'll be asked to rate the cue on a scale of 0 (extremely unfamiliar) to 10 (extremely familiar). After rating the familiarity of the cue, you'll be asked if you can recall a studied word that resembles the cue. So, if the cue was POPE and it made you recall the word BISHOP from the study list, you would type in BISHOP. If you cannot think of a studied word from the list that resembles the cue, simply press Enter (remember, some of the time the cue will NOT correspond to any studied word)."
Note that because our focus is on residual memory during retrieval failure (where participants presumably have little to rely on in giving a rating other than their sense about the test cue itself) we used resemblance to studied items and level of cue familiarity interchangeably, as has been done in prior studies (e.g., . This was to clarify for participants the nature of the judgment, given that it might seem awkward to be making a judgment about items that cannot be retrieved from memory and that therefore may have been on the study list but forgotten or may not have been on the study list at all. For example, a participant might ask, "How can I make a judgment about something that I cannot recall from memory?" By mentioning both familiarity with resemblance, we hoped to clarify how such a judgment could still be provided during retrieval failure.
The test list of cues was randomly ordered. Each test cue appeared in the upper left-hand corner for 2 s before a dialog box appeared in the center of the screen prompting the participant for a familiarity rating (see Fig. 1 ). After typing a rating between 0 and 10, participants were prompted with the second dialog box prompting recall and could type a response before pressing Enter or simply press Enter. The test cue remained on the screen throughout the prompting and receipt of participants' responses and until the next test cue was presented, then the program cycled through the same procedure. After cycling through the procedure for all 48 test cues, participants were prompted to begin the second study list, and the procedure was the same for that study-test block as for the first.
Our primary interest was in the familiarity ratings given to cues for which recall of all of the targets failed. As in Ryals and Cleary (2012) , participants only needed to identify one of the four possible target words in response to the cue in order for the trial to be classified as "target identified." Identification of any of the four target words in any of the three conditions led to that trial being coded as an instance of correct target identification. Data were coded by hand by three different coders.
Results
Because our primary interest was in familiarity-detection that occurs during recall failure, we focus first on the familiarity ratings given to cues for which no targets were correctly identified. A repeated measures ANOVA performed on the familiarity ratings given to cues for which target retrieval failed revealed a significant effect of Feature Match Condition (high-feature overlap vs. medium-feature overlap vs. nofeature overlap), F(2, 192) = = 15.85, MSE = 7.73, p < .001, pη 2 = .14. As shown in Fig. 2 , ratings were higher in the highfeature overlap condition than in the medium-feature overlap condition, t(96) = 2.89, SE = 0.11, p < .01, d = .19, and in turn were higher in the medium-feature overlap condition than in the no-feature overlap condition, t(96) = 2.84, SE = 0.09, p < .01, d = .17. Of course, ratings were also higher in the highfeature overlap condition than in the no-feature overlap condition, t(96) = 5.45, SE = 0.10, p < .001, d = .35.
We next examined ratings given when recall succeeded (i.e., when at least one target corresponding to the cue was identified). Because recall cannot succeed for cues in the nofeature overlap condition (as none of the corresponding targets would have been studied in this case), we compared ratings given when recall succeeded in the high-feature overlap condition (M = 7.56, SD = 2.04) with ratings given when recall succeeded in the medium-feature overlap condition (M = 7.41, SD = 2.18), and found that they did not differ significantly, t(94) = 1.46, SE = .10, p = .15. Though this is consistent with Ryals and Cleary's (2012) finding that graphemic feature overlap affected RWCR to a greater extent than it affected recognition with cued recall, a 2 × 2 Feature Overlap Condition (high-feature overlap vs. medium-feature overlap) × Recall Status (recall failed vs. recall succeeded) repeated measures ANOVA on ratings revealed no significant interaction, F(1, 94) = 1.21, MSE = .50, p = .28, despite the presence of an overall main effect of Feature Overlap Condition, F(1, 94) = 8.74, MSE = .58, p = .004, pη 2 = .085. The same 2 × 2 ANOVA also revealed a significant main effect of Recall Status, F(1, 94) = 442.28, MSE = 4.58, p < .001, pη 2 = .825, such that ratings were higher when recall succeeded than when it failed. It is possible that during successful target retrieval, participants base their ratings, at least in part, on the fact that they can recall at least one target word from the study list and recollect its occurrence on the list. Some support for this idea can be found in the comparison between false recall attempts (when the retrieved word was not a target) and correct recall attempts. A 2 × 2 Feature Overlap Condition (high-feature overlap vs. medium-feature overlap) × Correctness (successful target recall vs. false recall) repeated measures ANOVA on ratings revealed a main effect of Correctness, F(1, 92) = 99.21, MSE = 1.80, p < .001, pη 2 = .519, such that ratings were higher overall when recall was correct (high-feature overlap condition M = 7.51, SD = 2.06; medium-feature overlap condition: M = 7.34, SD = 2.19) than when recall was false (high-feature overlap condition M = 6.22, SD = 2.30; medium-feature overlap condition: M = 5.84, SD = 2.40). (Note that some participants were lost in this analysis due to no responses in one of the false recall categories, which is why the means for successful recall are slightly different from above). This analysis also revealed a main effect of Feature Overlap Condition, F(1, 92) = 7.41, MSE = .92, p = .008, pη 2 = .075. There was no significant interaction, F(1,92) = 1.00, ns. Fig. 1 An illustration of the test procedure. The primary interest was in familiarity ratings given to test cues for which recall failed (i.e., test cues for which no target words were recalled) Fig. 2 Cue familiarity ratings given during cued recall failure as a function of the degree of semantic feature overlap between the test cue and the studied words in memory. Error bars represent confidence intervals computed for within-subjects designs (Loftus & Masson, 1994) In terms of the likelihood of recalling at least one target corresponding to the cue, there was a greater likelihood of such recall in the high-feature overlap condition (M = .42, SD = .15) than in the medium-feature overlap condition (M = .35, SD = .13), t(96) = 5.54, SE = .01, p < .001, d = .49. Using the likelihood of correct target identification in the no-feature overlap condition as an estimate of the correct guessing rates (M = .10, SD = .09), the likelihood of recall was greater than that expected by guessing in both the high-feature overlap, t(96) = 18.44, SE = .02, p < .001, d = 2.57, and the medium-feature overlap, t(96) = 18.31, SE = .01, p < .001, d = 2.21, conditions.
Discussion
The present study examined what we refer to as the semantic feature-matching hypothesis for conceptually-based forms of cue recognition that occur during retrieval failure. We sought specifically to determine whether the feature-matching theory of recognition without cued recall (RWCR) can explain the effect that occurs with semantic cues. Prior studies with scenes and graphemic cues have supported a feature-matching theory of RWCR, but these types of RWCR have involved perceptual types of features, which are easier to concretely specify than conceptual features. Given that Cleary (2004) showed that RWCR can also be shown with semantic resemblance, as when a studied word (e.g., cheetah) is cued with a semantically similar word (e.g., jaguar), the paradigm used by Ryals and Cleary (2012) when applied to these types of cues presents a methodological means of examining the semantic featurematching hypothesis for conceptually-based forms of recognition during retrieval failure.
Examining the semantic feature-matching hypothesis is a theoretically important endeavor for two primary reasons. First, empirical support for this hypothesis would enable a well-specified theoretical mechanism to be put forward in the literature for how recognition during retrieval failure takes place when the relation between the cues and the targets is conceptual. Examples include participants' ability to detect that the unretrieved answer to a general knowledge question was presented on a recent study list, despite the answer's retrieval failure (Cleary, 2006; Cleary et al., 2014) , and participants' ability to detect that the unretrieved name of a famous landmark was presented on a recent study list, despite the name's retrieval failure in response to the picture (Cleary & Reyes, 2009) . Currently, there is no specific theoretical mechanism for how such conceptually-based forms of recognition during retrieval failure take place.
Second, support for the semantic feature-matching hypothesis would provide converging evidence, from a converging operations perspective (i.e., the idea that support for the existence of a construct, if the construct exists, should be obtainable through multiple methods and approaches, also referred to previously as convergent operationalism and methodological triangulation, e.g., Campbell, 1988, p. 28) , for the existence of specific kinds of semantic features in the human knowledgebase. What are the features in the cue jaguar that can potentially overlap with the studied word cheetah? Our paradigm presents a novel methodological means of seeking support for the existence of semantic features of the type investigated in the very different literature on conceptual knowledge representations (e.g., McRae et al., 2005) . For this reason, we chose semantic features that were identified in prior semantic featureproduction norm research (McRae et al., 2005) and for which support was independently found in fMRI research (Chang et al., 2011) . In our converging operations approach, we use these semantic features in a completely novel way by applying them to the RWCR paradigm used by Ryals and Cleary (2012) to examine whether these features can plausibly participate in the type of feature-matching process specified by global matching models (e.g., Clark & Gronlund, 1996) to allow for cue recognition during retrieval failure.
Using the semantic features identified by McRae et al. (2005), we created a semantic feature overlap analog to the graphemic feature overlap experiment reported by Ryals and Cleary (2012) . In our study, each test cue (e.g., cedar) potentially overlapped in semantic features (e.g., a_tree, has_bark) with four studied words (e.g. birch, oak, pine, willow), two studied words (e.g., birch, oak), or no studied words. As is consistent with the feature-matching explanation of RWCR, when participants failed to identify any of the potential targets for the semantic test cue, they gave higher cue familiarity ratings when the cue overlapped in semantic features with four studied words than when it overlapped with only two studied words, and also when it overlapped with two studied words than when it did not overlap with any studied words.
This pattern of results has several levels of theoretical importance. At a broad level, the results provide further support for the feature-matching theory of RWCR, with a completely different type of feature than previously investigated, and with a feature-type that is more abstract and difficult to identify than in previous research. This suggests that the feature-matching theory of RWCR is not limited to features that are perceptual in nature, such as with graphemic cues for words (e.g., , or with spatial layout cues for scenes (e.g., Cleary et al., 2012) . The feature-matching theory appears to apply even in cases where the overlapping information from study to test is more abstract or conceptual in nature. At a more specific theoretical level, this is important because it provides a theoretical mechanism (where none had previously been put forward) for how recognition during retrieval failure can take place when the relationship between the studied item failing to be retrieved and its unstudied but related cue is conceptual. Though lacking in a well-specified mechanism, there have been many manifestations of conceptually-based cue recognition during target retrieval failure reported in the literature. For example, when one studies the word "insomnia" and later fails to retrieve that studied word in response to the question, "What is the name of the inability to sleep?" the relationship between the unstudied test cue and the unretrieved studied target is conceptual in nature, and participants can detect that the unretrieved answer was studied despite failing to retrieve it from the cue (Cleary, 2006) . The present support for the semantic feature-matching hypothesis provides a theoretical mechanism for what might be occurring to enable the detection that the unretrieved word was studied using only the cue itself (the cue in this case being the test question). Specifically, the test question may be used in a global feature-matching process by which the conceptual features in the test question are matched with the conceptual features of encoded items in memory to produce a familiarity signal. Because of the semantic feature overlap between the question and its unretrieved studied answer, that familiarity signal will be greater when the answer to the question was studied than when it was not. This could explain why people can discriminate between questions whose answers were studied and questions whose answers were not studied when the answers fail to be retrieved. The same mechanism could also explain other instances of conceptually-based recognition during retrieval failure, such as the ability to discriminate famous scenes (e.g., Taj Mahal) whose names were studied from famous scenes whose names were not studied despite failing to retrieve those names from the scenes (Cleary & Reyes, 2009 ).
At a less specific level of theoretical importance, the present findings are important for increasing understanding of the general basis of the RWCR phenomenon. The fact that the featurematching idea applies even in cases where the mapping between the test cue and the unretrieved target in memory is strictly conceptual in nature suggests that a general theory of the RWCR effect -one that can account for all of its various forms, both perceptual and abstract -may suffice. RWCR may result from cue familiarity-detection brought on by a global feature-matching process like that described by global matching models (e.g., Clark & Gronlund, 1996; Hintzman, 1988) . This is not to say that all feature-types are necessarily weighted equally. Although global matching models assume that all feature-types are weighted equally in the computation of the familiarity signal (in fact, global matching models neither specify the identity of the features nor distinguish between classes of them; see Clark & Gronlund, 1996 , for a review), it is possible that in the operation of human cognitive processes, different types of features are weighted differently in the computation of familiarity. In fact, a cross-experiment comparison between the present experiment with semantic features and the analogous experiment reported by Ryals and Cleary (2012) with graphemic features suggests a difference in the level of familiarity elicited by these different feature types (semantic vs. graphemic).
Following from the meta-analytic approach taken by Rhodes and Anastasi (2012) , we computed Q B in order to assess whether the effect sizes differed significantly between the two experiments. 2 We found that semantic feature overlap led to a smaller RWCR effect than graphemic feature overlap. This was shown by comparing the difference between the high-feature overlap and lower feature overlap condition from the present semantic features experiment (Cohen's d = .19) with that from the graphemic features Experiment 3 of Ryals and Cleary (Cohen's d = .80), Q B = 19.13, p < .001. It was also shown by comparing the difference between the lower feature overlap condition and the no-feature overlap condition from the present semantic features experiment (Cohen's d = .17) with that from the graphemic features Experiment 3 from Ryals and Cleary (Cohen's d = .46), Q B = 9.39, p = .002.
If different feature types are weighted differently in the computation of the familiarity signal, then models of the process would need to accommodate this. One possibility is to modify existing recognition memory models to accommodate different feature-type weightings (although recognition memory models do not focus specifically on instances of retrieval failure, the basic familiarity-detection processes themselves might be good descriptions of the process that enables cue recognition during target retrieval failure). Another possibility is to perhaps modify existing distributed models of the type used to describe semantic feature overlap in priming situations (e.g., Plaut, 1995) to compute a familiarity signal based on the degree of feature overlap between a cue and the memory representations. This type of model should be able to accommodate different feature types carrying different weightings in the computation of featureoverlap-based familiarity. Other future work might incorporate the notion of semantic richness (e.g., Pexman, Siakaluk, & Yap, 2013; Yap, Pexman, Wellsby, Hargreaves, & Huff, 2012) , whereby words that are more semantically rich (such as by having more semantic features as generated in feature lists of the type used by McRae et al., 2005) are more easily recognized and processed. These may all be possible directions for future theory development regarding how different features, and the extent to which they are present in a stimulus, might contribute to the overall computation of the familiarity signal.
At another level of importance to theory development is the following. Because we have made the case that one of the primary theoretical contributions of the present study is in putting forward a theoretical mechanism for a phenomenon currently lacking one (i.e., semantic feature-matching as a basis for cue familiarity in cases of conceptually-based forms of cue recognition during target retrieval failure), alternative theories do not yet exist to be ruled out at this stage. Still, some might wonder if any existing theory of other phenomena would predict that cue familiarity ratings should not correspondingly increase with increases in the number of unretrieved studied items sharing semantic features with the cue for which retrieval of those targets failed. Indeed, there is a class of theories -context noise theories -that cannot easily accommodate the pattern reported here.
An example of one such theory is BCDMEM (Bind, Cue, Decide Model of Episodic Memory; Dennis & Humphreys, 2001) . In the BCDMEM model, the test cue is not decomposed into features that are then later matched with the features of the memory representations. Instead, rather than being compared to the study list items, the test item is compared to the previous contexts in which that test item itself was previously encountered. This theory works well for standard recognition tests (in which the test cue is usually a repeat of an earlier-studied item); however, it has difficulty accommodating the corresponding increase in cue familiarity ratings with increases in number of unretrieved words semantically sharing features with that cue. One would have to assume that the participant generates the particular later test cue upon presentation of every semantically related word at study so that it was as if the test cue had been presented every time, leading to higher ratings when four related words were studied than when only two were studied, and higher ratings when two were studied than when none were studied.
While this idea might be applicable to false memory paradigms, where the critical unstudied item (e.g., sleep) deliberately has a strong forward association from each study word (e.g., bed, rest, awake, dream, etc.), the idea seems less plausible in the present paradigm. Here, the idea would be that participants would self-generate the test cue (e.g., cedar) when presented with the first study word to which it overlaps in semantic features (e.g., birch), then again when presented at a later time with another (e.g., oak), again at a later time when presented with another (e.g., pine), and again at a later time when presented with another (e.g., willow). Then, when later presented with the unstudied word cedar as a test cue, those four randomly dispersed contexts in which it was earlier self-generated are what lead to higher ratings than when only two related contexts were presented for self-generation (despite failing to recall those contexts). This explanation for our data pattern seems unlikely given the differences between the present paradigm and false memory paradigms, namely: (1) the set of two or four study words are not clustered together in the present study but were instead randomly dispersed throughout the study list, and (2) the test cue was not chosen to critically relate to each study word in strong forward associative fashion but rather was chosen to overlap in semantic features approximately equally with all of them such that any of the set of five feature overlapping words could have served as the cue. That said, future research could be conducted to more definitively rule out context-noise models as viable explanations for this type of phenomenon, such as by using think aloud/verbal protocol paradigms (e.g., Ericcson & Simon, 1980) in which participants must state aloud what they are thinking of at the time of study presentation.
Along similar lines, some might wonder if the study words each prompt generation of the category to which they belong, and the test cue then does the same so that when participants are presented with the test cue (e.g., cedar), they consciously generate the common category name (e.g., tree), and then recall having generated that category name in the study list without recalling any of the words that prompted its generation in the list. This is unlikely for several reasons. First, while many of the sets belonged to an obvious common category (e.g., birch, oak, pine, willow, cedar), many did not (e.g., banner, brick, certificate, tray, ruler). Second, in cases where there was a categorical relationship, the category was typically one of the features shared among the items (e.g., "a tree") along with others "(e.g., "has leaves"). Third, as mentioned, the words in a set were randomly dispersed throughout the list (not clustered together in a way that would draw attention to their potential common category membership); this would have made it difficult to consistently consciously generate the same word in response to each study word from a set in order to later generate it again in response to the test cue without being able to retrieve any of the words that prompted that word's generation. Finally, if category generation at study did underlie the enhanced RWCR effect with increasing global feature overlap between the study list and the test cue, we would expect this enhancement effect to be larger in the present study of semantic feature overlap than in the study of graphemic feature overlap by Ryals and Cleary (2012) . The reason for this is because it is more obvious what the possible category might be in the case of semantic feature overlap (e.g., birch, oak, pine, willow, and cedar are all trees) than in the case of graphemic overlap (e.g., it is less obvious what the category name would be for patchwork, pitchfork, pocketbook, pullcork, and the cue potchbork). As discussed above, the feature overlap effect in the present semantic feature overlap situation is instead significantly smaller than the feature overlap effect in the graphemic feature overlap situation used by Ryals and Cleary (2012) , making it seem unlikely that category generation underlies these effects.
Some might also wonder if cue familiarity detection during retrieval failure reflects an implicit type of memory. It is an interesting possibility. On the one hand, some evidence points toward it being an explicit, as opposed to implicit, form of memory. Ryals and Cleary (2012) report an experiment (in their Footnote 3) in which they used a remember-know-guess paradigm to examine whether the RWCR effect with graphemic cues would emerge primarily in "know" judgments (which should reflect explicit familiarity) or in "guess" judgments (which might indicate implicit memory, of which participants are unaware). They found that the RWCR effect emerged in "know" judgments and not "guess" judgments, supporting the idea that it reflects explicit familiarity detection rather than implicit memory. That said, however, Ryals, Yadon, Nomi and Cleary (2011) found evidence that a very similar phenomenon, recognition without identification, may reflect an unconscious form of memory. They found that the recognition without identification effect (whereby unidentified fragments of studied words received higher recognition ratings than unidentified fragments of unstudied words) was related to an ERP signature thought to be reflective of unconscious recognition processes (e.g., Voss & Paller, 2009) . This leaves open the possibility that some forms of recognition during retrieval failure reflect unconscious processes while others reflect a more conscious type of familiarity-detection. Future research should further investigate this issue.
If the semantic feature overlap effect shown in the present study does reflect an explicit feeling or sense about the test cue, then another interesting question is how this might relate to the tip-of-the-tongue (TOT) experience, whereby a person senses that a word is in the knowledge-base despite failing to retrieve it. Specifically, might TOT experiences result from semantic feature overlap between a current situation and one or more in memory? Though this idea may be intriguing, some evidence against it comes from the fact that TOT experiences appear to be dissociable from the type of old-new discrimination that characterizes recognition during retrieval failure. As Cleary, Staley and Kein (2014) review, old-new discrimination during retrieval failure and reports of being in a TOT state appear to be driven by different mechanisms. Still, future research should aim to examine the extent to which a semantic feature-matching account can explain TOT experiences, even if to more clearly rule out this potential mechanism as a basis for TOT experiences. For example, do situations of high semantic feature overlap between a cue and memory representations lead to a greater probability of a TOT report during retrieval failure than situations of low semantic feature overlap? Or, does semantic feature overlap have no impact at all on the likelihood of reporting a TOT? Finally, at a broad level of theoretical importance, from a converging operations perspective, the present results provide independent converging support for feature-overlap approaches to semantic knowledge representation. According to the logic of converging operations, if a theoretical construct exists, it should be possible to arrive at the conclusion of its existence through multiple different methods and approaches; in short, evidence for its existence should not be tied to a particular methodological approach (e.g., Campbell, 1988, p. 28) . In the semantic priming literature, some theoretical approaches have emphasized feature overlap (e.g., Plaut, 1995; Seidenberg, 2007; Smith et al., 1974) . Our methodological approach points toward the same conclusions, but from a completely different methodological approach than that taken in the priming literature. By suggesting a role of semantic feature-matching in RWCR of semantic cues, our results provide converging support for feature-overlap approaches. In demonstrating that, in cases where cued recall fails, the semantic features identified by McRae et al. (2005) can participate in the type of global feature-matching process described by Ryals and Cleary (2012) in their study of RWCR with graphemic features, we have obtained independent support, from a completely different methodological approach, for the existence of these semantic features as subcomponents of word or concept representations.
In summary, the present study provides support for the idea that the feature-matching theory of RWCR put forth by Ryals and Cleary (2012) is a plausible explanation for RWCR that occurs with semantic cues. In this way, the present results have allowed us to put forward a potential theoretical mechanism by which conceptual forms of recognition during retrieval failure (e.g., Cleary, 2006; Cleary & Reyes, 2009; Cleary et al., 2014) might occur. At another theoretical level the present results have provided converging evidence, from a converging operations perspective, for the existence of semantic features in the memory base, and also for semantic features of the type specified by McRae et al. (2005) . That said, future work should aim to further tease apart feature overlap and associative strength. Although many researchers have found compelling evidence for the greater importance of semantic feature overlap over mere associative strength between items (e.g., Yee et al., 2009) , the distinction has presented a historic problem in research on semantic knowledge (e.g., McRae & Jones, 2013) , whereby it has proven incredibly difficult for researchers to completely separate the two. The fact that the semantic feature overlap effects reported here are smaller than the graphemic feature overlap effects reported previously ) points toward feature overlap over associative strength playing a role because associative strength should not exist between a novel non-word test cue (e.g., POTCHBORK) and the studied target words (e.g., PITCHFORK, PATCHWORK, POCKETBOOK, PULLCORK), yet the effects are larger in that situation rather than smaller. If associative strength were giving the present effects a boost over and above semantic feature overlap, we would expect the effects to perhaps be larger than in the graphemic overlap situation. Still, now that we have put forward semantic feature matching as a theoretical mechanism for conceptual forms of recognition during retrieval failure, future work should aim to further investigate the extent to which the strength of associations, in the absence of semantic feature overlap, might contribute. 
